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h > * ^tuut * x# a t> x mrtE^ i 

-rsxat. 

tta>«»* * y jg«<D»ig*isfe^*5^r , 
Sr*rti-6tt^, ttEh^+'MBRfitta^fcTH^ 

EE»<0-««<0^**fc*S* 5^ flftE*2-*** 

[M*JS3) SUB**. ^ 
MEIBlEII^«*«fcfe»Si*u *iE» 2gfiiS<bm^ 

wfcttttSixfct><ox-, meis 1 k»£ wes 2 e» t 
WE3*«tt* w * tr y urn & ¥ff t u < n& ¥?t \z x o 

mils h >*/u««tttt»***ft * 9 tTiwi«#l: 
SSKl**-6fc*^ffl^^JxSEIfc^ttE H 40 

{ 1 ^ o flfr E h > */ w 18 tvt HI ± I - «f£ $ ft fc * * 
[0 0 0 1 ) 

[$g^tD«1-6atfi#Sf) fc&^'JKSfc 
HIT- (WTv TMR (Tunnel Magneto Resistance) M 



[0 0 0 2] 

[0 0 0 3] h 9 

5:im6. *tx, *»$8i4**y*>»i*Sfl^ 
[0 0 0 4] Sfc* ftiS©«#««*4^«4lHlK^cs' 

^y^^mx^axtf, iH»«*fc^*y i 

[0 0 0 5] y i: LX*i> *»*«rffl^fc 

77r>^^!)^ »8«#*ffll^FRAM (Ferr 
o electric Random Access Memory) ttlffcfolf btl 

RAMlC&^Xn, *#»^^bBIhI»^ 1 0 12 - 1 0 14 

[0 0 0 6] cix^cO^^Sr^^^t^ff^it^^y ^ 
LTftl MR AM (Magnetic Random 

Access Memory) k XtitlZ&fSL/ * V X~hZ> 9 ®M<D 
MR AMIIJJ. Daughton, "Thin Solid Films" Vol.216 
(1992), p. 162-168X$R^£*lTt^6 AMR (Anisotropic 

Magneto Resist ive) »*^D. D. Tang et al. , "IEDMTec 
hnical Digest" (1997), p. 995-997 $ HX G 
MR (Giant Magneto Resistance) $)^&& o * f 

^ttfit* s 1 0 1 0 0 Q ^f&V^fc^, R^fflLBSMOf 

[0 0 0 7 ] -^jTMR (Tunnel Magneto Resistanc 
e) a*(!R.Meservey et al., "Pysics Reports" Vol.2 
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38(1994), p.214-217T-$B££tlTt^<5 0 t-SffiXte* 
^^?lX-l%-2%U^/cf^ofC755, ifi^T.Miyazaki e 
t al., "J. Magnetism & Magnetic Material" Vol. 139(1 
995),L231T*$&££ft-Ct^J: 5 fcttttaHfc»2 0%& 
<»?>tt6J: 9 1-4 9, TMRMSrftofcMRAMl: 

[0 0 0 8] MRAMI1 »3t* J *l*"e*>6fc«>*JWi 

fctf^HSSsft, BEt-l O0MH zr*!Bf^^Tffi"efc6r t 
tf s R. Scheuerlein et al. , "ISSCC Digest of Technic 
al Papers" (Feb. 2000) , p. 128-129T* £ tlX ^ 6„ 
[0 0 0 9] fttl, ft*S^MRAM<08*jgXa*ia3 

co>g® 1 1 6 mmm» <o $ m & * ^ * 

"To 

looio] 03(0 (l) C^tJ:9{:, B*«f±L*^ 

SiiT^6. £fci;:tSi*6»l«4 i±fc* -fe^^^i 
5, li^y^ F3 l l 7 >x>f v^'< 

s/ K3 2»*s»/SSft, *ix&ftB5JB2|MMJl4 2# 
M^-Ct^6 0 roSB2«fe»HH4 2<D*ffitt<fc*to» 
fcfcBfgKJ: D?aft*n-C^-C, tyxil 5, ii7 
yr-f >Jf'<y K 3 2 ±(C 7 0 0 n m^H^t^^t 
l>5 e $ £>ICP- S i Ni*^*6^^^I (@** 

[0 0 1 1 ] ±12^^^Ji±l-Ji*3*fe»llg4 3<DT1 

fc4-6*mi4 3 i*s*J**ixX^6« :^)»ii4 3 

f^^-y K3 2|cS«$tt6*2 3>^^ h 3 3*3 
XXim2yyf J y?'<y K3 4 fcjJS«*$ixti^o 
^UT^^il4 3 ltf)*ififctt, »Si&*P-K»l 1 
£S5 2 7 yf^^7 K3 4 ^^mm^tiXl^o 
HIIX4 3 i±tctt. K»l 1 S:«5IMM* 

4 3 2^ N R{kT/U?=-!>^S:5 0 nmWJP$Jr*|ISIL 
XffM^ttXl^o 5 (CUT, &1Mt4 3 1 70 

MR 4 3 2fcTP*3«il4 3«^T^5o i27 
K3 4±^ft»»4 3 2(Cii, IftA^ 
«^5TMRi^^27>f^^7 Kfc*>« 

[0012] i!2^>fr*-/M3 3 ££tf±Se»J*<& 
»3|feai«4 3 Jitl, PVD (Physical Vapor Deposit 

ion) feiaot, /<yrs (H**f) . EBBMt* 
n 3 1 > a«tt**»e>4-6BftHS* 1 3 2, h>^ 

/HffeaH 13 3, aHKtt(*A*646IBieS 134, * -Y 



[0 0 13] #Clw, H3u0 (2) d^-f J: 0 (-> 7* h 

^il3 5^ 7 fy^lfc|, 7*H/-^h*:r 
yi/y^U r<0**y:7J§l 3 5£^**I-LTE1B 
113 4- h>*A'l6»B 1 3 3<D&*H:X-$:*y?> 
^LtTMR*^B*14««t5, *y*^9<»i& 

Slihy^/^ili 3 3rt-C*t>5J:5J!:RS1"*« 

®^LXt>4l^ s TMR3g^ffl« 1 4W^«Ct h 

£ o xy^y?' (CI) fct^o^> 
#X [«;ltfJfi* (C i 2 ) , =*fls**» (bc 
i 3 ) fcL<i*-8Mfcft* (co) i:r^^7 

(NH 3 ) &**DLfc#*3R«:ffl^6o mtcZO^y? 
h y^HftWl 1 3 3 J:<03fil8ttfcA>fcfc*fBlS 

LXit«T;^; n^Afll^X'^y^y^^lt 

[0 0 14] &tc[213£) (3) ir^-TJ: 7^^ 

Kttftji-efcsaiftHSJii 32, K»»tt*«i 3 

BUI 6 us;* 1*^** 

[00 15] *l:@4(0 (4) (c^-TJ: 51-, -fy*^ 
CVD&Cio-C, TMRl^l 3. «ttiBtt 1 6*££ 
If^J:?!^ «8«4 3J:i:*>y3>Wkllfc3 0 0 n 
mWJ¥$^*«LX»4KfeaK4 4*r**Lfc«, 7* 

4*fe^Hil4 4CTMRi : f 1 3 Kit t" 6 <fc 0 fclftRIL 4 

4ieMta 0 *fcjaiz2[i]5i^TSiB» (rmt tm 

[0 0 16] ^{c®4(D (5) C^tJ:9^ S*W<f 

ESWawao-c, TMR$ : fi3i;»4 4i 

fcaLXtt«i-5fcTjy hiB 1 2S:t;^iZ2[El^<OgE^(^ 

fl§)^^^-T5o ^l^yhSu^gU^I^ S 
4^^114 4l^Ml^7Xv-/!J ny^SBl^it® 
UTIB5I1M1B14 5ft*rtUfcft, ^V^yF 

[0 0 1 7] Ci0»ig*&-Ctt, 05t:^tJ:9i:, T 
1 ( 2 jS«»-e^-T) fc**B»«r»*+*fc«>fcffl^ 

8«SBi» ; S:^"r«5B8t-TMR* : ?- l 3^®^ 
HtBt^^J:9^^^^^^->7 2^-7^^^^-> 
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*»0>2fff (0. 14/im-O. 2 ju m) < 

yUfiO. 14/im-O. 2 /im^S < 4o"CL4 5 Q 
[0 0 18] 

[»ffl#WfcLJ:5*1-6RH] IS**** 1 TMR 
* J F-*fcJi2a«*^t 2 TMR#W^i6MRAM 

[0 0 19) HI 6 tC^-T J: 9(w. i?/HM XliTMRi 

rr-ttlffiWk;i-6/b«)^, K» 11, 

Eifcie, TMRii^n, f'7h8i2 (2^«»-e 

[0 0 2 0] TMRi^i^liTMRiT- 1 3 

9fcft, H 7^-TJ: 9^, S«ciBi»«:JBfi6i"6l»^3: 
1 3fc#LTW;ttf AXfc*tt1"ftT, TMRl^U^ 

7 y ******* J: 
tt) tc4^-6f^S^^#^fcft, TMRS^M 3l£*tL 
X&m&&%Mf&^ % tc ft to-? 7 2(1, 

**£frtf-f*u i-^y^^^itt, TMRi 

[0 0 2 1 ] CcD^H, 1r/HM**^*:# < /£«9*aS 

^fr£?[C N try h$ 1 2 (DgSIS^faK A X, fcT y HI 
1 2 ££ftWl;:i:£-f S J: 5 KIERSix-C^SSdfc* ^ 
•7- K» l ltf>SaR#iP)fc A x x 2£tt-fc/M-«fc* s ;*:# 
*--e*»w-ett, TMR^l 

[0 0 2 2 ] 



[0 0 2 3 ] **W«)8t«^ * y «tttf>»ig*8:f*. g 

ttttJB^srBfc uxttEfB i mmk^m^m-r^m 
2 e« & a is £ & « *. fc nrnu. * * y 

&mm*v>'?x?BW;kti:Z>% 1 ^x^ffMtaii 
ffij»*?B*"*-6/c«)tcffl^S!B2^x^S: x i!trEfS2^ 

[0024] ±E«*^*y»nw»it*ife , ctt, 

Z&zmGtolzMf&ZtiZZ k\zte?> 0 i-*b*>, ^2 

[0 0 2 5] ^i^M^^U SSHfl, HiBS^ 
«TE»liai»t^#WI-*Si-6IB2ffi»i:. WB»l 
£M2:«ftftU:fMk£J'U HfiJB2EJItW«i:»« 
$*ifcfc(0T\ WESlSE»i:WE*2E»i:coj5Si«S 

6Zk Srfijffl LT««*E»-r * y 
gil:^t>x, WE hv^/uKfttttt****^* 5 t 
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[o o 2 6] ±um%,/*» gg-m, 

[0 0 2 7] 

[0028] ii<d (i) [CTjk-rxo^. m^nL^i^ 

SB 1*6**14 l l:toBll h7>'^^«)SM ^ 

6 D $bi:8lftii4ill:, -&yx»i5, » i =» 
y^^h3l lc»«M-6«Sl 7>f^ y^s/ K32« 

ea»2»»K4 2ttU Witf^X-rTEOS h 7 
xh^v->7» -CVDSlUot, P-TEOSfH 

XvCVD (Chemical Vapor Deposition ) SfcUlJlDH 
DPl*«tlf8 0 0 nm^ff 7 
7X-7TEOS-CVDSiaor> P-TEOSflH£ 50 
flx.tfl 2 0 0 nm(OJJSi:*«t5 a *<&SL ft^W 

±(lftlAtf7 0 0 nm<DW>£V>M2*km$&4 2 % 
8i% ^C/7XvCVD^iaoT, P-SiNHM 
frbt£*>-***m (H^-fr-f) mtf2 0nm(Of $ 

[0 0 2 9]ftC, !)y^77-fS*^5'^>^8* 
<h&ffl^T, 15, |l7>f K3 

sR^x^^^B±{w»3a»i«iOTai:^6aaiS4 3 

1 5. ^^«6aiB4 3 1 ten, p-TEosfli 

uE»w»e*ft*Srffl^"c* »»«4 3 1 \zmm 

<b<b fefc* Si >^'<y K3 2K««$iX** 

2 3 y ^ ^ h 3 3&<fc0^2 ?yf^>^S'K344 
WW*, lixb, «*a*!7 - K»l 1 fcfB2 = 

* h 3 3 tm2 7>7J K3 4liJ£XT<OJ: 9 ic 



y (Ti) 8&10nmWf$C*SL, git:^* > 
(T i N) 3 0 nm<DJP$(C^L, $ h\^T ^ % 
^£^•0. 5%fi^M 7 0 0 nm(D)|^:i8U 

3 l ±<0jWK4±IBAWB*rl»*-r*- 
[0 0 3 0] ^C, ^/<5/^lly^iao-C, iffe^BM4 
3 l ±t;:±tE*#&*!7- K» l i £S5*fe»R4 3 2 
«^ff 8ft7/u U >A * 5 0 n S Ci 

xjgjs-r*. 5 tax, fowm* 3 1 

3 2 & -Clf! SIMM 4 3^flNc£ft6o 4*3, ±!2$fea 
«4 3 2»i, iftr^^^WftiW (FdAtf 

Brttvya:^ SA^y^y*) \cx*)i&j&-fz>zti> 
[oo3i]*i:, yy^77^wtx^f^^M 

t*6»R4 3 2<D^yf : y^*fTl\ 127^7^^ 
K3 4±Oft»I«4 3 2IC. C ft A> ft 6 T 

MRii L ^27>7^^^ K£*>8M«£ia*«t* 
?L4 3 3 £7fM-f £ 0 
[0 0 3 2] &^"C\ PVD (Physical Vapor Deposit 
ion) SfcJoT, ±E&^?L4 3 3£#tff§3|fe*i!II 

4 /<U71 (0^*1") > RMH8M4fWii3 
K MW^^^Mi^il 3 2, b>*»&Mk 
113 3, »»tt*A*<bfc6fB«JIl 3 4. 

l 3 SSrTIBJ: 

[0033] ±iB/<y TBKtt, w^tf, a^kf-^^, 

[0 0 3 4] ±ffiS»«tt*B 1 3 1 Kli, . & 

l«*rffli*6. C©KJ*8ltt#ll 3 ltts TMRi^- 

1 3 tmmcmmztizxj yf>^t©**-ffl 

X, *Hlft<0»18r**i, R»i8te*JI 1 3 1 

^ 1 3 fcB*ttL-C^4^x-f yfv^^RKS 

[0 0 3 5] _L!B«M:@£I1 1 3 2£li, 

^(0/>4< <t b 2 Ufa b ft Z 

113 1 fc*-r*«*fc»rt*iiT^-c, 1 

3 2 irR3ft«tt*Ji 1 3 1 fcfOBBlC«<SE*«a#ffl 
|:J:ot, ^ibH^ll 3 2 li, 3fiv^— *|fi)<OK^S^ 
MSUi^, i-4fc*>, BMfcHSl 1 3 2 l*RB« 

^ (pinning) ^ H5o 

[ 0 0 3 6 ] 4ib\ ±i2«{k@*Sl 3 2 11, 



(6) 



mtzmtrnM l tern &t ir :o«mei 

13 211, 3»«J:<B3fi»tt*JI£* *imfrJi£#^'e 

[0 0 3 7] ±1G h y*/U«6»l 133(1, ±ISIEtgl 
1 3 4 t±EBSfcB*«l 3 2 ir(Ol^^^^05i: 

9lC h>*/H6»Hl 3 3<7)Rfftt, 0. 5nm~~5n 
m£#ftU:SP^fc:ti>* ALD (Atomic Layer Depositio 

[0 0 3 8] ±|ESatSJ§ 1 3 4 lefi. -V* 20 

tt#*ffl^6 0 ::©E1tli 1 3 4 il^MP^te £o 

[0 0 3 9] httWfMl 3 511, TMRI?t^<tS«J 
«ffite«fcJ:tff&ttH 1 3 4<B&fcRih*^5««£*' 

[0 0 4 0] $5>l-, «ttfcvoifei:J:ot, ±3E* 

5 1 1 tWtf^^HK &mt*>9>l'&WX-ti 
5 0 nmOW Slw*»8ILT»rti-S. &^X, W;ttf* 

y =1 y £r X. f 1 5 0 n m 

115 1 1 ii, ^y^/H>l<flIft^>^^ft*>5 

[0 0 4 1 ] H 1 © ( 2 ) le^-T J: 5 1-, y v ^ 
40 StfffcliJ: t), 7*H^*h (Hl^it-f) 

3 1) fc:t5/f L >* r (Rlfrtt'f *>^5>* L >'40 L> * 
185 11 Sriyfy^ILt, Il-^^^l^i 
[0 0 4 2 ] ^l^ry^il 3 5^x ; yfy^/t 50 



^12 0 0 3' 
10 



3 2 4 1 8 7 



30 



40 



l^x* 5 1 £^*<f y^**lwL-C, SfclcEffcJB 
1 3 4~$jfc@£J§ 1 3 2<DffimmXTMRm* 1 3 £ 

1 3 3**P>R»«tt<*«l 3 1 <0jfc*-e:*2/f-V^M* 

^/HfeiI13 3(7)ji^r«i:Lfc 0 xyfy^^ 
(CJiJftSi (CI) £fc*l*« (Br) ^fA/^nyy 
[WAtfC 1 2 v BC 1 3 , HB r W] t U< II- 
BMfc&S (CO) l:7>^^7 (NH 3 ) &8s*0Lfc# 

[0 0 4 3] y*V\/*J* h<0Rfe**l, 

^-r**J!5 1 2Sr*PILfc«L <bt< llS&l^X^ 5 

/ii 3 sz^rrisy-tzmzs iiv^^5K7)x 

7 f y^v^^s 1 2^x^f y^^jx6o ^(7)J:9le 

h^/^ili 3 3ttia«»i 3 4HSbiirt^o 
T\ hv*/u*6»H l 3 3*ffi^»«ltftlRd s tt{l:$ix 
X h^*/H688 1 3 3#ff <«j*3ii6:i fc#B*it£ 

[0 0 4 4] *le, iETMRi^-l 3 ?rS^lt:> 

•y^ L TTMRiT- 1 3 ^ffl9ffile» L X * K**-A' 
5 3«rJK*-t-5. 

[0 0 4 5] fc^-C, 11© (3) !C^-TJ:9ie, TM 
RUT- 13^27>f^^7K34 

^«xo»aiBi6*^*-r6fc«)tcffli^iB2«r^^ 5 5 
r<oS2-*** 5 sn* «ttfyy^77 

2-7X^5 5 H-SS^TMRi^ 1 3 _L<£>iS 

l^^ni (eSte£;bit:<5 «t 9^*i"6c 

adSRfflLTbMLix.dSS^o ^2-^x^5 5 

CJ;^l-7X7 5 l *s^lc«feix-Ct i^o Hffi-C 

[0 0 4 6] ^e^m. i2-7^n5tsi77ni 

^) ftWle«t!9. TMRl^l 3i:S27>7^^ 
y K3 4 fcfcttfc-r 6fc*«l*l«B»l 6^r, ««B <h 
45«^.tfE»«tt*JBl 3 l ^^bli^e 13 2^:1: 
J:D»fiK-r-5o Lfc^ot, " (O^tetO^^Xil^Sfi 
Ml 6S:Jg*1-$fc«)«o«aS*lR»^tt{*ll 3 1 i 

[0047] %»g£^ i e ii, &®m&frm 1 3 



(T) 

11 

MLXfe^t, ^4IBtS>»tt*ii3U fa 
L<l4«ft:H*Bl 3 2£Xfa<atf>X^mJfJ: LX&$£ 
E»16*»aLtt>J:l/\ *<&«L ±12^2-^^^ 5 

K£;fr— /W5 3t£<fcoXS;b*lX^6<£>X% l/v^x h|& 

1 3 3*»<»*Stt5r fc*SBSJhSil6. 
[0 0 4 8] |2(D (4) iC^-TX 0 |C, msfe 

mWk4 3±fc. TMRl^l 3, KftSttttl 6^£$ 
9l4a«4 4^Mt6c :oi4»W4 4lt 

yfa L< iiS^T/W^^^AlftfW^tf 2 0 Onm(Df 

Sfc»rtSftS. lkfWW«^i:otl4 

^niOiyfy^^85 12 [flftiEBl (2) 
#BBJ Sr»*LT, *«J§5 1 1 ±ffi^«ffli-6 <fc 5 
$F^£fTofc 0 iyf>^^^S5 1 2^X-rC 

jf&ft^ Wz.tfCF 4 s SF 6 Xft?ltoK|&£LXfaJ: 
i\ 4fcCMPtJ:oTtftf^^tL<tt»^>^ 

[0049] £/c, ^iaiuss^Ti^Jii («Art. a 

l7^fV V9'<v K 3 2 £|*IB, 127^7^^ 

[0 0 5 0] gfetd. H|2<7) (5) ic^-r «t 5 ^ -«w 

£M) 1 2*3i:tfJli2[E]&^i2il$ (H^-fr-f) , 

»l2lt hv^^HK^ISta^T-l 3 JrftttftKifiMft 
Ls A»o h^*;HK«eta*^ 1 3 StROK LX±tB*# 
KMl 1 fcSc*W(-S«i-*J: 5M#J*3ft 

[0 0 5 1 ] JiEttWUfclltll«o*lB-CKWLfcJ:5 
|; x lEil^^^ 5 lit »ic»dtSix6^!X h»l 
2 tTMR*^l 3 htcfflt^Z 

fc*«-e#6 0 ±k« i -^^^ 5 1 zmitmb L< 
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fa J: It*. CtOS'&fctt* t'y^n^TMR^l 3 
fc«M1-*MM&*#rti" *fcfi, Kft 

£Mi 6Wt^l:Ii^^n U^tt^J; 

3 lit** hMi 2ft*jSS*fctt»c*rt-f6rfc*«Br 

ffifc&'K try hil 2lcJ:5»#i&** s Se>J-**t 
[0052] Jiisi«ie*iSfe-e*i. «*fciB» i 6 

/P5 3#»*S*U ^ti^fglXTMRift^ 1 31* 
S^ixT^6o ^(Ofctb. |2v7^ 5 5(0^^-fr-ftt 
Ciot, TMRi^l3±OSl-7^^51iWi 

ttitxfa3iy^v^ti*i^^^-eflF±*^ **t«.b 

ttit*ft^. :<7)fel «MKMl 6(DTMRl^l 3 

B8E*W^«J*$ti*w Clefts, 
2^*^ 5 S^TMRif 1 3«f*. £*>-£&*S£JL& 

[0 0 5 3] 4fc. ±fa*ft^^ffiXNi, TMRl^l 
ES^WIw&ttffiMl 6£»/S-r6£^5 BWX-li, & 

5fB4i»ai«.4 4Sr^-T6Rt^ T M R#^ 1 3 

TMRl^ntf)^, h^/HM»|13 3© 
±TH^fi)c$nX^'6^^^^ , b^^^^@^l 1 3 
2;fcJ:tfiEteBl 3 4#BMfcLT, °- 5nm—5nm 

1 3 3ttK*&***DL4^J: gl-UXV^6o *<Dlztf>s 
hV*/H»»Ji 1 3 3«)IRfftta»Wt-faaE»i'Swi: 

[0 0 5 4 ] ±E««y*ySS««>»3t*ftKJ:*ttf, 
H2(D (5) lc^LfcJ:5ft*»W«)«*7i*yj6Bl 
Mm***!*. :<ofit«^!l8lim 

>?n3U 3 3, « K I27>7^^7K3 

2. 3 4»*^ur««s*5fc«>^ffl^e>4i*»iaE 

Ml 6 11, ^WTMR^l 3M«*TMR*^1 3 
^oTMRiT-i 3±^«rit*ixfc)Bl 
5 l ^«^^lfc^li:M^xt^6 0 w(D 
SSRSMl 6Sr«rt1-6Bfw*dtStte*2 
^7,^5 511, TMRi^l 3J:l:M^X^l^^ 
* 5 1 c0^ttlO/jJ< J: fafift* 5 (cf^-rni^i:^ 
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